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Introduction
Alemtuzumab is a humanized monoclonal anti-
body licensed in over 60 countries for the treat-
ment of patients with relapsing-remitting multiple 
sclerosis (RRMS). The efficacy and safety of two 
annual courses of alemtuzumab 12 mg were eval-
uated in three randomized, head-to-head, rater-
blinded, clinical trials against subcutaneous (SC) 
interferon (IFN)β-1a 44 μg three times per week 
in patients with active RRMS. Overall, two of the 
trials included patients who were treatment-naïve 
(phase II CAMMS223 study [ClinicalTrials.gov 
identifier: NCT00050778] and phase III 
Comparison of Alemtuzumab and Rebif® Efficacy 
in Multiple Sclerosis [CARE-MS I; ClinicalTrials.
gov identifier: NCT00530348]), whereas the 
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third study included patients who had an inade-
quate response to prior therapy (phase III 
CARE-MS II [ClinicalTrials.gov identifier: 
NCT00548405]).1–3 Alemtuzumab significantly 
reduced relapses by 49−74% compared with SC 
IFNβ-1a (p < 0.001 in all studies), and signifi-
cantly reduced confirmed disability worsening 
(CDW) in the CAMMS223 (hazard ratio, 0.29; 
p < 0.001) and CARE-MS II trials (hazard ratio, 
0.58; p = 0.008). Patients in CARE-MS I dem-
onstrated a nonsignificant 30% reduction in risk 
of CDW (hazard ratio, 0.70; p = 0.22). In addi-
tion to these endpoints, alemtuzumab improved 
preexisting disability and reduced the rate of 
brain volume loss (BVL), with many patients 
achieving no evidence of disease activity (NEDA) 
on an annual basis. The long-term efficacy and 
safety of alemtuzumab were investigated in an 
extension of these clinical trials [ClinicalTrials.
gov identifier: NCT00930553], demonstrating 
durable efficacy with no new safety signals.4,5 The 
most common adverse events (AEs) in alemtu-
zumab clinical studies were infusion-associated 
reactions (IARs).1–3 Autoimmune AEs, most 
commonly affecting the thyroid, but with infre-
quent cases of immune thrombocytopenia (ITP), 
nephropathies, and infections, were also reported. 
Autoimmune events can generally be managed 
with active monitoring for early detection and 
prompt clinical attention.6,7
The dosing schedule for alemtuzumab, two 
courses comprising intravenous infusion of 12 
mg/day on five consecutive days at baseline and 
three consecutive days 12 months later (96 mg 
total dose), is distinct from other MS thera-
pies.6,8–10 In the clinical trials, additional treat-
ment courses of 12 mg/day on three consecutive 
days could be administered at least 12 months 
after the prior course upon documented evidence 
of MS disease activity and per discretion of the 
treating physician; however, many patients did 
not receive any additional treatment after the ini-
tial two courses of alemtuzumab. In contrast with 
other disease-modifying therapies (DMTs) 
approved for RRMS, which require dosing either 
daily, every other day, thrice weekly, weekly, 
every other week, monthly, or every 6 months, 
alemtuzumab is the only approved treatment that 
does not require regular dosing in RRMS patients.
With newly available data from the CARE-MS 
extension study, and several years of post-
approval, real-world use, our understanding of 
alemtuzumab’s long-term effects is increasing. 
This article reviews the evidence for long-term 
efficacy and safety of alemtuzumab, presents the 
data from real-world experience, and discusses 
advances in our understanding of the mechanism 
of action of alemtuzumab in RRMS. Up to know, 
13.000 MS patients have been treated with 
alemtuzumab.
Efficacy in long-term clinical trials
Study enrollment, retention, and alemtuzumab 
retreatment rates
Patients who completed the core phase II and III 
studies were eligible to enroll in a long-term 
extension study in which they could receive as-
needed retreatment with alemtuzumab, as deter-
mined by the treating physician in consultation 
with the patient. In order to receive alemtuzumab 
retreatment, patients were required to meet spe-
cific disease activity criteria: ⩾1 protocol-defined 
relapse, or ⩾2 new/enlarging T2 hyperintense or 
new gadolinium (Gd)-enhancing T1 brain or spi-
nal cord lesions on magnetic resonance imaging 
(MRI), and have none of the prespecified dis-
qualifications for retreatment (mainly pregnancy, 
malignancy, certain infections, and autoimmune 
conditions). Other DMTs could be administered 
at the investigator’s discretion.11 Alemtuzumab 
retreatment was unavailable for part of the 
CAMMS223 study follow up during a dosing 
suspension (2005−2008).
For the CARE-MS studies, data are available for 
6 years of treatment (2 years of the core study plus 
4 years of the extension). In CARE-MS I, 376 
patients were treated with alemtuzumab in the 
core study, 349 entered the extension, and 325 
remained on study through Year 6, for a retention 
rate of 86% from core study baseline and 93% 
from enrollment in the extension. In CARE-MS 
II, 435 patients were treated with alemtuzumab in 
the core study, 393 entered the extension, and 
344 remained on study through Year 6, with 
retention rates of 79% from core study baseline 
and 88% from extension study baseline.4,5
The CARE-MS study retention rates are higher 
than those reported for other DMTs after long-
term follow up over 4–5 years. For patients on 
fingolimod in the TRANSFORMS extension 
study, retention was 62% (526/849) from the 
core study baseline and 77% (526/687) from the 
extension study baseline12; the FREEDOMS 
extension study showed 63% (535/854) and 
86% (535/620) retention, respectively.13 In 
ENDORSE, for patients on dimethyl fumarate, 
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retention rates were 47% (720/1530) from core 
study baseline and 72% (720/1003) from exten-
sion study baseline.14–16 Loss to follow up in ran-
domized controlled trials may bias results if 
unavailable data are associated with the likeli-
hood of outcome events, and lead to both over- 
and under-estimation of treatment effects.17 The 
high retention rate of the CARE-MS extension 
study suggests that the long-term efficacy data 
for alemtuzumab are unusually robust compared 
with data from trials of other DMTs with higher 
dropout rates.
For the CAMMS223 study, patients completing 
the 3-year core study could enter an extended 
follow-up period (minimum additional 2 years), 
and then in 2010 they could enroll in the same 
extension study as patients from the CARE-MS 
studies, for a total available follow up of 10 years. 
Of the 108 patients who received alemtuzumab 
12 mg in CAMMS223, 92 completed the core 
study, 72 entered the extended follow-up period, 
and 60 patients entered the CARE-MS exten-
sion; 57 remained on study at Year 10.18
Many patients from the randomized controlled 
trials did not receive additional alemtuzumab 
during the extension (Figure 1). In CARE-MS I, 
64% of patients required only the initial two 
courses of alemtuzumab, with 23%, 8%, 3%, and 
<1% receiving a third, fourth, fifth, or sixth 
course, respectively, over 6 years.4 Similarly, in 
CARE-MS II, 55% of patients required only the 
initial two courses of alemtuzumab with 30%, 
12%, 2%, and 1% receiving a third, fourth, fifth, 
or sixth course, respectively.5 Of the patients from 
CAMMS223 who entered the CARE-MS exten-
sion, 33% received only the initial two courses of 
alemtuzumab over 10 years; 43%, 12%, and 10% 
received three, four, or five courses of alemtu-
zumab, respectively.18 Across the three studies, 
investigators cited relapse as the most common 
reason for retreatment.
Annualized relapse rate (ARR)
Relapse reduction with alemtuzumab was durable 
over the long term in the CARE-MS extension 
(Table 1). For patients from CARE-MS I, ARR 
Figure 1. Through Year 6 of the CARE-MS extension, in cohorts of patients entering from (a) CARE-MS I and 
(b) CARE-MS II, the majority of patients received no further alemtuzumab after their second course.4,5
CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; DMT, disease-modifying therapy; MRI, 
magnetic resonance imaging.
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was 0.16 during the randomized, controlled por-
tion of the trial (Years 0−2) and 0.15 at the end of 
the extension portion (Years 3−6); for patients 
from CARE-MS II, ARR was 0.28 and 0.20 in 
these time intervals, respectively.4,5 Among 
patients originating from the CAMMS223 study, 
an ARR of 0.07 in the core study (Year 3) was 
maintained through Year 10 (0.08).18
Disability
At Year 2, 85−89% of patients in the CARE-MS 
studies had stable [⩽0.5-point Expanded Disability 
Status Scale (EDSS) change from baseline] or 
improved (⩾1.0-point decrease from baseline) dis-
ability; whereas at Year 6, 77−81% of patients had 
stable or improved disability.4,5,19 Through Year 6, 
72−77% of patients were free of 6-month CDW 
[defined as an increase of ⩾1.0 EDSS point (or 
⩾1.5 points if baseline EDSS = 0)], and 34−43% 
of patients achieved 6-month confirmed disability 
improvement (CDI; defined as ⩾1-point EDSS 
decrease from baseline, assessed in patients with 
baseline score ⩾2.0; Figure 2).4,5 The proportion 
of patients with CDI increased from Year 2 to 
Year 6, indicating that patients continued to expe-
rience CDI events during the extension study. 
Furthermore, of the patients who achieved 
6-month CDI, 91−94% were free from 6-month 
CDW, indicating that the improvement in disabil-
ity was not followed by worsening.
Patients from CAMMS223 demonstrated that 
alemtuzumab stabilized disability over a 10-year 
timeframe. The mean EDSS score change from 
baseline to Year 10 (standard deviation) was 
+0.12 (1.4); disability scores remained stable or 
improved in 78% of alemtuzumab-treated 
patients, and most patients (76%) remained free 
of 6-month CDW through 10 years.18
An analysis of CARE-MS I and II estimated the 
proportion of patients who converted from RRMS 
to secondary progressive MS (SPMS) following 
alemtuzumab treatment, using a definition of 
SPMS recently developed by Lorscheider and 
colleagues based on data from the MSBase regis-
try.20,21 Low rates of conversion were observed 
over 6 years in CARE-MS I (1.1%) and 
CARE-MS II (3.7%).21 Notably, the rate of 
SPMS conversion among the MSBase cohort was 
18% over 5.8 years’ follow up.20
MRI lesions
In the CARE-MS studies, freedom from MRI 
disease activity was defined as an absence of new 
Gd-enhancing lesions and new/enlarging T2 
hyperintense lesions. In CARE-MS I, 77% of 
patients were free of MRI disease activity in Year 
2, and this effect was durable in Years 3−6, dur-
ing which 66−72% of patients were free of MRI 
disease activity in each year. MRI disease activity 
was driven by T2 hyperintense lesions, as the pro-
portion of patients without new Gd-enhancing 
lesions on their annual scan consistently remained 
near 90% in each year (range over Years 3−6: 
87−90%, compared with 93% in Year 2). 
Table 1. Key outcomes at completion of core study (Year 2) and CARE-MS Extension (Year 6).
Endpoint CARE-MS I CARE-MS II
Year 2 Year 6 Year 2 Year 6
ARRa 0.16 0.15 0.28 0.20
CDW-free (%) 92 77 89 72
EDSS improved/stable (%) 89 81 85 77
NEDA (annual) (%) 68 57 58 60
 Clinical disease activity-free (%) 85 86 73 85
 MRI disease activity-free (%) 77 66 76 69
  New T2 lesion-free (%) 78 67 76 69
  New Gd-enhancing lesion-free (%) 93 87 91 91
aCumulative ARR for Years 0−2 and Years 3−6.4,5,22,23,27
ARR, annualized relapse rate; CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; CDW, 
confirmed disability worsening; EDSS, Expanded Disability Status Scale; Gd, gadolinium; MRI, magnetic resonance 
imaging; NEDA, no evidence of disease activity.
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Furthermore, most patients had no new nonen-
hancing T1 hypointense lesions (range over Years 
2−6: 82−93%).22 Results were similar in 
CARE-MS II: 72% of patients were free of MRI 
disease activity in Year 2, and this proportion 
remained essentially unchanged in Years 3−6 
(68−70%); 91% were free of Gd-enhancing 
lesions on their Year 2 scan, remaining similarly 
high in Years 3−6 (87−91%). Annually in Years 
2−6, 86−93% had no new nonenhancing T1 
hypointense lesions.23
Data from the 10-year cohort of CAMMS223 
confirmed that alemtuzumab is highly effective at 
reducing Gd-enhancing lesion activity. At 
CAMMS223 baseline, Gd-enhancing lesions 
were present in 100% of patients, reflecting the 
study inclusion criteria. After alemtuzumab 
treatment, only 8.3% of patients had 
Gd-enhancing lesions upon entry into the 
CARE-MS extension (roughly Year 5 of follow 
up), with 5.6%, 13.0%, and 5.5% of patients hav-
ing Gd-enhancing lesions in the first, second, and 
third years of the CARE-MS extension study, 
respectively.24 Other MRI outcomes are not yet 
reported for this cohort.
No evidence of disease activity (NEDA)
NEDA (freedom from relapses, 6-month CDW, 
new Gd-enhancing lesions, and new/enlarging T2 
hyperintense lesions) is a composite endpoint that 
has come into use in recent years as a high stand-
ard for DMT efficacy.25 The proportion of alem-
tuzumab-treated patients achieving NEDA was 
consistent in each year of the extension through 6 
Figure 2. (a, b) The 6-month CDW and (c, d) 6-month CDI through 6 years in patients from CARE-MS I and II.4,5 
Number at risk is the number of patients who remained on study and who had yet to experience CDW. For CDI 
analyses, number at risk is the number of patients with baseline EDSS of ⩾2.0, who remained on study, and 
who had yet to experience CDI.
CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; CDI, confirmed disability improvement; 
CDW, confirmed disability worsening; EDSS, Expanded Disability Status Score
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years. Of patients from CARE-MS I, most 
achieved annual NEDA: Year 2, 68%; Year 3, 
62%; Year 4, 60%; Year 5, 62%; Year 6, 57%.26 
Results were similar for CARE-MS II (Year 2, 
58%; Year 3, 53%; Year 4, 55%; Year 5, 58%; 
Year 6, 60%).27
Brain volume loss (BVL)
Brain atrophy, as measured by BVL, is a concomi-
tant of physiologic aging. The average rate of 
annual BVL in healthy adults is age-dependent and 
heterogeneous among different tissue compart-
ments; annual brain parenchymal loss ranges from 
−0.20% at age 35 to −0.52% at age 75.28 Pathologic 
BVL occurs very early in the MS disease course 
and is predictive of disability and cognitive impair-
ment.29–31 In the alemtuzumab core and extension 
studies, BVL was derived from the change from 
baseline in brain parenchymal fraction, calculated 
from proton density/T2-weighted dual-echo 
images. Median yearly BVL progressively decreased 
over 2 years in alemtuzumab-treated patients from 
CARE-MS I and remained low in Years 3−6 
(range, −0.14 to −0.20%); similar results were 
observed in CARE-MS II (median yearly BVL in 
Years 3−6 range, −0.07 to −0.19%; Figure 3).32
Quality of life (QoL)
QoL assessments are an important complement 
to clinical and MRI data as they provide a meas-
ure of therapeutic effectiveness from the patient’s 
perspective.33 Overall, three validated instru-
ments were used to assess QoL during alemtu-
zumab studies: the Functional Assessment of 
Multiple Sclerosis (FAMS), a questionnaire spe-
cific to MS that assesses mobility, symptoms, 
emotional wellbeing, general contentment, think-
ing, fatigue, and family/social wellbeing; the 
36-Item Short-Form Survey (SF-36), which is 
summarized into mental and physical component 
summary (MCS resp. PCS) scores; and the 
European QoL 5 Dimension (EQ-5D) visual 
analog scale, which is a single-question rating 
from 0–100. In all three questionnaires, a higher 
score indicates better functioning.34–36
Alemtuzumab significantly improved QoL over 2 
years during both core CARE-MS studies com-
pared with baseline and with SC IFNβ-1a. Gains 
in QoL measures paralleled clinical and radiologic 
benefits. Analyses over 6 years of follow up have 
been reported for CARE-MS II. At the end of the 
randomized, controlled CARE-MS II trial (Year 
2), alemtuzumab patients had significant improve-
ments from baseline on FAMS [change from 
baseline at Year 2, 6.20 (95% confidence interval 
(CI): 3.69–8.71)], SF-36 MCS [2.07 (95% CI: 
1.03–3.11)], SF-36 PCS [2.51 (95% CI: 1.66–
3.36)], and EQ-5D visual analog score [4.29 
(95% CI: 2.51–6.08)].37 At Year 6, CARE-MS II 
alemtuzumab patients maintained statistically sig-
nificant improvements from baseline on FAMS 
[change from core study baseline, 3.16 (95% CI: 
0.07–6.25)], SF-36 MCS [1.58 (95% CI: 0.35–
2.82)], and EQ-5D [3.16 (95% CI: 0.93–5.38)], 
and nonsignificant improvements on SF-36 PCS 
[1.0 (95% CI: –0.03–2.03)].38
The clinical meaningfulness of improvements in 
QoL and their link to disability outcomes was 
Figure 3. Median annual change in brain volume, measured by BPF, in alemtuzumab-treated patients 
enrolled in the extension from CARE-MS I (a) or II (b).32
BPF, brain parenchymal fraction; CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; Y, year.
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demonstrated in a 5-year analysis in patients who 
did or did not experience 6-month CDI. Mean 
QoL improvements from baseline were signifi-
cantly greater in patients who achieved CDI ver-
sus those who did not in Years 2, 3, 4, and 5 for 
FAMS, EQ-5D visual analog scale, and SF-36 
PCS, and in Year 5 for SF-36 MCS (Figure 4).39
Safety in long-term clinical trials and in 
real-world experience
Infusion-associated reactions (IARs)
The most common AEs with alemtuzumab are 
IARs, which are mostly mild-to-moderate, and 
most commonly consist of rash, headache, 
pyrexia, urticaria, and nausea.40,41 In the pooled 
CARE-MS studies (n = 811), the incidence of 
IARs decreased with successive courses of alem-
tuzumab (courses 1−5: 85%, 69%, 65%, 63%, 
and 46%, respectively). IARs are manageable 
with appropriate pretreatment using methylpred-
nisolone, symptomatic treatment during and after 
infusion, and infusion rate adjustment. IARs are 
not increased by modest changes in the infusion 
routine (i.e. administration on nonconsecutive 
days).42 In the clinical trials, a serious AE was 
defined as fatal or life-threatening; requiring or 
prolonging hospitalization; causing persistent or 
significant disability/incapacity or congenital 
anomaly; or requiring intervention to prevent per-
manent impairment or damage. Serious IARs 
occurred in ⩽2% of patients during each course.40
Infections
Although infections during the CARE-MS core 
studies were observed more frequently with alem-
tuzumab than with the active comparator, SC 
IFNβ-1a,1,3 the incidence of infection was highest 
after the first treatment course and subsequently 
declined. In CARE-MS I, incidence was 56.1% 
in Year 1, declining to 35.5% in Year 6. In 
CARE-MS II, infection incidence was 63.2% in 
Year 1 and declined to 43.4% in Year 6. Rates of 
serious infections were low in each year (<2% in 
CARE-MS I and <3% in CARE-MS II).4,5
After a protocol amendment in the core studies, 
acyclovir was given during the first month after 
each course of alemtuzumab as prophylaxis for 
herpetic infections. Herpetic infection data are 
Figure 4. Change from baseline in FAMS score (a, b) and SF-36 PCS (c,d) score in CARE-MS I and II patients 
with and without 6-month CDI.39,45
*Significant change from baseline, p < 0.05; †Significant difference between groups, p < 0.05.
CARE-MS, Comparison of Alemtuzumab and Rebif® Efficacy in Multiple Sclerosis; CDI, confirmed disability improvement; 
FAMS, Functional Assessment of Multiple Sclerosis; PCS, Physical Component Summary; SF-36, 36-Item Short-Form 
Survey; Y, year.
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available for the pooled CARE-MS core studies 
and the first 2 years of the extension. In Years 
1−4, herpes simplex incidence was 9.0%, 5.4%, 
3.1%, and 2.5%, respectively, and herpes zoster 
incidence was 2.1%, 2.7%, 3.4%, and 2.2%, 
respectively.43
Outside the clinical trials, several case studies 
have reported opportunistic infections after alem-
tuzumab treatment. Overall, two patients devel-
oped cytomegalovirus disease ⩽1 month after the 
initial 5-day course and recovered fully with treat-
ment.44 Among 66 patients who received a total 
of 100 courses of alemtuzumab during 1 year at a 
tertiary center in Germany, 3 developed acute 
acalculous cholecystitis.45 All three patients 
recovered rapidly following treatment. In the 
United States (US), a rare pathogen, Nocardia 
beijingensis, was isolated from a patient diagnosed 
with sepsis secondary to pneumonia 6 weeks after 
completing the first course of alemtuzumab; the 
patient responded well to treatment.46 Finally, 
several cases of Listeria monocytogenes infection 
have been reported. In one case, the patient had 
recent exposure to foods including smoked sau-
sage and soft cheese and developed Listeria sep-
ticemia after the initial alemtuzumab infusion.47 
Additionally, three cases of Listeria meningitis 
occurred shortly after the first course of alemtu-
zumab and were successfully managed, although 
one patient had severe sequelae.48,49
Postmarketing surveillance data on opportunistic 
infections, gathered by the manufacturer on the 
~13,000 patients worldwide who have been treated 
with alemtuzumab for MS, have been reported.50 
The most commonly reported opportunistic infec-
tion is L. monocytogenes (estimated frequency: 
0.26%), followed by cytomegalovirus (estimated 
frequency: 0.13%). Product labeling now recom-
mends that patients avoid or adequately heat 
foods that are potential sources of Listeria in a 
period of 2 weeks before and 2 months after alem-
tuzumab infusion. There have been no medically 
confirmed cases of progressive multifocal leu-
koencephalopathy (PML) in MS without relevant 
pretreatments (natalizumab-associated PML).
Autoimmune events
Alemtuzumab has been associated with autoim-
mune AEs due, it is hypothesized, to its mecha-
nism of action. These AEs, mainly comprising 
thyroid disorders and, less frequently, ITP and 
nephropathies, can occur early post-treatment; 
however, onset is more often delayed a few years 
after the last infusion.51 The clinical development 
program for alemtuzumab included a number of 
steps to mitigate risks associated with these AEs; 
protocol-defined laboratory monitoring measures 
and physician and patient education facilitated 
early detection and effective management of the 
conditions. These measures have also been imple-
mented in clinical practice as part of the Risk 
Evaluation and Mitigation Strategy (US) and 
Risk Management Plan (Europe), providing for 
monitoring beginning prior to treatment and con-
tinuing for 48 months after the last dose of alem-
tuzumab, or longer if clinically indicated.8,10
Among pooled CARE-MS patients who received 
alemtuzumab 12 mg (n = 811), the cumulative 
incidence of thyroid events was 42% over 6 
years.52 First onset of the majority (82%) of thy-
roid AEs occurred within 2 years of the last alem-
tuzumab treatment course. For events related to 
hyperthyroidism, treatments included anti-thy-
roid medications, radioiodine ablation, or thy-
roidectomy (combined with thyroid hormone 
replacement therapy); hypothyroid conditions 
were treated with thyroid hormone replacement 
therapy. In patients with thyroid AEs, 20.7% of 
cases resolved spontaneously (i.e. without treat-
ment); of those who were treated according to site 
protocols, 79.0% (n = 271) received conven-
tional oral medications, 9.0% (n = 31) had iodine 
ablation, and 8.5% (n = 29) underwent thyroid-
ectomy (some received more than one treatment). 
Few serious thyroid AEs were reported; the inci-
dence of serious thyroid AEs peaked at Year 3 
(3.1%) and subsequently declined.
Data on ITP in the clinical development program 
are available with a December 2014 cutoff date, 
representing roughly 5 years of total follow up for 
the CARE-MS studies and 8 years for 
CAMMS223.53 The cumulative incidence of ITP 
was 2.3% (n = 34 of 1486) in all alemtuzumab-
treated patients, and 2.0% (n = 24 of 1217) in 
those treated with the 12-mg dose. Across the 
clinical development program, most of the 34 
patients who developed ITP received only first-
line therapy, consisting of corticosteroids with or 
without intravenous immunoglobulin or platelet 
infusion. A total of seven patients required sec-
ond-line therapy with rituximab, and one patient 
was treated with splenectomy according to the 
site treatment protocol. All patients had a durable 
remission from ITP after treatment (or spontane-
ously without treatment in two cases). Only one 
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patient had another episode of ITP; her initial 
episode occurred 16 months after the last alemtu-
zumab dose, and then she experienced a second 
episode 7 years later that was responsive to treat-
ment with corticosteroids.
Postmarketing surveillance has found the inci-
dence of autoimmune cytopenias to be generally 
lower than in clinical trials for ITP (postmarket-
ing estimated frequency: 0.58%), hemolytic 
anemia (0.05%), and pancytopenia (0.10%).50 
Neutropenia in the postmarketing setting (0.48%) 
was higher than that of serious neutropenia in the 
clinical trials (0.2%), but lower than that of all 
neutropenia events in the clinical trials (1.7%).
In the clinical development program, four cases 
of autoimmune nephropathy occurred among 
1486 patients exposed to alemtuzumab, giving a 
cumulative incidence of 0.27%. Overall, two 
cases were membranous glomerulonephritis, one 
case was glomerulonephritis with anti-glomerular 
basement membrane (GBM) antibodies, and one 
was anti-GBM disease. The patients with anti-
GBM disease or with membranous glomerulone-
phritis with anti-GBM antibodies were treated 
with plasmapheresis, cyclophosphamide, and 
steroids. The patients with membranous glomer-
ulonephritis were treated with angiotensin-con-
verting enzyme inhibitors and diuretics. A total of 
three patients entered remission and recovered 
renal function, whereas the fourth had persistent 
proteinuria at the time of reporting; however, this 
patient’s membranous glomerulonephritis was 
resolved.54 In postmarketing surveillance, the 
estimated frequency of nephropathy is 0.13%.50
A single case report was published on a patient 
who developed type 1 diabetes 29 months after 
receiving the second course of alemtuzumab.55 
The patient had a family history of type 1 diabetes 
and was prediabetic before initiating alemtu-
zumab. This case highlights the importance of a 
patient’s susceptibility to other autoimmune con-
ditions as a component of risk assessment.
Importantly, in controlled studies, alemtuzumab 
efficacy and patient-reported QoL were unaf-
fected by the occurrence of autoimmune AEs. 
Subgroup analyses performed on core study data 
showed that at Year 2, there were no significant 
differences in QoL improvements in alemtu-
zumab-treated patients with or without thyroid 
AEs,56 or with or without any autoimmune AE.57 
In an analysis of 4-year data from the CARE-MS 
studies, ARR and the proportion of patients free 
of CDW were similar in subgroups of patients 
who had and had not experienced a thyroid AE.58
Evolving understanding of alemtuzumab 
mechanism of action
Alemtuzumab selectively targets CD52, an anti-
gen expressed highly on the surface of circulating 
T and B lymphocytes, cells that contribute 
directly to the underlying pathophysiology of MS. 
B-cells serve as highly specific antigen-presenting 
cells and provide costimulation to autoreactive 
T-cells, and antibodies contribute to demyelina-
tion and complement fixation.59,60 T-cells medi-
ate damage to myelin and nerves.61,62 Regulatory 
T-cells (Tregs) inhibit autoreactive T-cells through 
cell–cell interactions and the secretion of anti-
inflammatory cytokines.63,64 In patients with MS, 
Treg impairment enables activation of CD4+ 
T-cells including the T-helper (Th) 17 and Th1 
cell subsets; in turn, Th17 and Th1 cells activate 
microglia to assume an inflammatory and neuro-
toxic phenotype.65,66
Alemtuzumab depletes circulating T and B lym-
phocytes through antibody-dependent, cell- and 
complement-mediated cytotoxicity,67,68 with the 
lowest cell counts observed at the first post-base-
line assessment (1 month after treatment in 
CARE-MS I and II). Lymphocyte depletion is 
followed by a distinct pattern of T- and B-cell 
repopulation that begins within weeks, with B-cell 
counts returning to baseline levels within 6 
months, whereas T-cell counts rise more slowly, 
generally approaching the lower limits of normal 
by 12 months.10,69 A recent multicenter follow up 
of 29 patients also found that the percentage of 
CD4+ T-cells (as a proportion of total lympho-
cytes) in the periphery did not return to baseline 
levels until 48 months later.70 There was no 
cumulative reduction in CD4+, CD8+, and 
CD19+ repopulation capacity with successive 
alemtuzumab courses.71
Recent results in an animal model suggested 
that alemtuzumab efficacy is related to the level 
of CD4+ T-cell depletion; however, the pattern 
of lymphocyte repopulation is key to the pro-
posed alemtuzumab mechanism of action.10,72 
Repopulation results in a relative increase of 
cells with memory and regulatory phenotypes 
and a decrease in cells with a proinflammatory 
signature.73,74 Th17 and Th1 cells remained 
low through at least 48 months following 
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alemtuzumab treatment, with a concomitant 
decrease in proinflammatory cytokines associ-
ated with these cell types.70
Finally, although alemtuzumab has a minimal or 
transient effect on circulating monocytes, eosin-
ophils, and basophils,69 recent data indicate that 
it may promote an immunoregulatory environ-
ment through an impact on other innate immune 
cells (e.g. dendritic cells) that play a role in MS. 
In patients with MS, dendritic cells are function-
ally abnormal, express upregulated levels of 
costimulatory molecules and proinflammatory 
cytokines, and stimulate proinflammatory 
cytokine secretion by effector T-cells.65,75,76 
They may also interact with natural killer (NK) 
cells to induce selective CD56bright NK cell 
expansion.65,66,77 The CD56bright NK population 
exerts regulatory effects on autoreactive T-cells 
via cytotoxicity or suppression of T-cell prolif-
eration.78 Alemtuzumab reduced the propor-
tions of circulating dendritic cells (conventional 
and plasmacytoid subsets), and expanded the 
CD56bright NK cell population, although the 
cytolytic function of NK cells was not altered.41,79 
Together, the effects of alemtuzumab on T and 
B-cells, its effects on subsets of innate immune 
cells important in RRMS pathophysiology, and 
its overall rebalancing of the immune system 
may underlie its durable clinical effects (includ-
ing disability improvement and slowing of BVL) 
and reduce the potential for relapse, ultimately 
delaying disease progression.
Benefit–risk considerations for 
alemtuzumab use
A notable benefit of alemtuzumab therapy is 
improvement in preexisting disability, which may 
have a positive impact on long-term prognosis. 
Other important benefits are a reduction in the 
rate of BVL, achievement of annual NEDA, 
improvements in QoL, and a potentially low risk 
of progressing to SPMS.4,5,21,32,38 During the 
phase II and III core studies and continuing 
throughout the extension, these benefits were 
achieved in the absence of continuous treatment 
with regular, repeated dosing on a daily, every 
other day, thrice weekly, weekly, every other 
week, monthly, or every 6 month schedule. 
Furthermore, the majority of patients did not 
receive additional alemtuzumab or any other 
DMT after the initial 2-course regimen. This rel-
ative freedom from therapy, together with long-
lasting clinical improvement or stability, 
comprehensive education for clinicians, patient 
education, and rigorous safety monitoring, may 
represent a shift in the standard by which thera-
peutic efficacy is judged.
Considerations of the potential benefits of alem-
tuzumab treatment must also be balanced by 
potential risks. The risks associated with alemtu-
zumab are well characterized and detectable with 
vigilant monitoring and, when identified early, 
are generally manageable. Follow up of up to 10 
years confirmed that the risk for autoimmune 
AEs decreases substantially in the fourth year 
after the last alemtuzumab dose. This observation 
supports the rationale for the timeframe of the 
safety monitoring program (4 years after the last 
alemtuzumab dose, i.e. a minimum of 5 years in 
patients who require only two courses of alemtu-
zumab), which was effective in detecting autoim-
mune AEs during the clinical trials. In the case of 
thyroid autoimmune events, few were serious. 
Armed with a well characterized safety profile, a 
thorough education program, and careful moni-
toring procedures, clinicians are able to maximize 
benefits while minimizing treatment risks.
Alemtuzumab is a highly efficacious DMT that 
offers a new treatment principle for RRMS, but 
its pharmacodynamic effects are not reversible in 
the short term, and it may require both treatment 
courses before full clinical benefit is observed. 
The strong evidence from the clinical develop-
ment program suggests it should be used rela-
tively early in the disease course; due to its 
irreversible effects in the short term and potential 
side effects, benefit–risk ratio has to be evaluated 
individually in the context of other available 
treatments.
Experience with switching to alemtuzumab 
from other DMTs
The most comprehensive available data set on 
outcomes of switching therapy to alemtuzumab 
comes from the CARE-MS patients who were 
randomized to SC IFNβ-1a in the core studies 
and, on entering the extension study, switched 
therapy to two courses of alemtuzumab.80,81 The 
protocol did not specify a washout period, but 
patients had ⩽2 months after discontinuing SC 
IFNβ-1a to receive alemtuzumab. Over 4 years of 
follow up after alemtuzumab initiation, ARR fell 
by approximately 70% compared with SC 
IFNβ-1a treatment, 81% (CARE-MS I) and 80% 
(CARE-MS II) of patients remained free of 
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6-month CDW, and 27% and 22% achieved 
6-month CDI, respectively. The rate of BVL 
slowed after alemtuzumab initiation.82 No new 
safety signals arose in this cohort.
Data documenting outcomes in patients who 
switched to alemtuzumab from other DMTs are 
limited. An observational, multicenter study 
reported on 36 patients who initiated alemtu-
zumab after having inflammatory disease activity 
while on fingolimod therapy. Median fingolimod 
washout period was 6 weeks. Overall, nine of 
these patients experienced significant disease 
activity in the 12 months following alemtuzumab 
infusion.83 A total of eight patients were charac-
terized by ⩾1 clinical relapse and radiologic dis-
ease activity, with the remaining patient by 
radiologic disease activity alone. All nine patients 
subsequently received the second course of alem-
tuzumab, after which eight patients were relapse-
free (mean 6-month follow up). These data 
highlight the importance of administering the full 
treatment of two courses. The authors proposed 
that prolonged sequestration of autoreactive lym-
phocytes following fingolimod withdrawal 
shielded the cells from the biologic effect of alem-
tuzumab and that subsequent lymphocyte out-
flow elicited disease reactivation.83
In another observational study, patients (n = 
16) who had responded to natalizumab, but dis-
continued because of the risk of PML, initiated 
alemtuzumab after a median washout of 70 
days.84 Available brain MRI data at 6 and 12 
months after alemtuzumab administration 
showed no signs of disease activity. Clinical eval-
uation at 6 and 12 months indicated stability, 
with no relapses or increase in EDSS. None of 
the patients experienced severe side effects or 
developed PML.
A case report was published in which two 
patients presented with apparent severe exacer-
bation of MS symptoms after alemtuzumab 
infusion; it was undetermined whether these 
were actual MS relapses or secondary autoim-
munity directed toward the central nervous sys-
tem. Both patients had ongoing disease activity 
despite prior treatments (most recently dimethyl 
fumarate and fingolimod) before switching to 
alemtuzumab. These cases were successfully 
managed with plasma exchange followed by 
rituximab administration.85 The authors pro-
posed that these cases were B-cell-driven, given 
the effectiveness of plasma exchange plus 
rituximab, and that the timing of symptom onset 
coincided with B-cell repopulation post-alemtu-
zumab; however, whether these symptoms 
reflected MS exacerbation or a secondary auto-
immunity was undetermined.
A second case report noted increased disease 
activity after switching to alemtuzumab in a 
patient with a treatment history of glatiramer ace-
tate, fingolimod, natalizumab, and dimethyl 
fumarate (previous switches had been made due 
to disease progression or John Cunningham virus 
positivity).86 After 4 months from alemtuzumab 
initiation, the patient experienced unilateral dys-
esthesia and intermittent ataxia; brain MRI dis-
closed a tumefactive demyelinating lesion. The 
patient recovered spontaneously over 3 months.
Real-world studies
Robust real-world studies are needed following 
marketing authorization to assess the short-and 
long-term effectiveness of DMTs in the popula-
tion of patients with well characterized comor-
bidities and comedication who are eligible to 
receive treatment in clinical practice, and for 
whom patient monitoring is not constrained by 
protocol.87,88 Although more than 1400 patients 
have been treated with alemtuzumab in con-
trolled clinical trials, data on the use of alemtu-
zumab and outcomes of treatment under clinical 
practice conditions will provide valuable addi-
tional information on the real-world efficacy and 
safety of this agent. Real-world data to date are 
limited, given that marketing approval was 
granted only 3 years ago in Europe and 2 years 
ago in the US.
A recent, observational study of the MSBase 
cohort provided insights into comparative effec-
tiveness of alemtuzumab and other DMTs for 
patients with RRMS. Of 15,783 patients with 
MS, 4332 received either alemtuzumab (n = 
189), IFNβ (n = 2155), fingolimod (n = 828), or 
natalizumab (n = 1160) between 1994 and 
2016.89 Patients had a mean disease duration of 
roughly 3 years, with an EDSS score of 3.0 and 
approximately two relapses in the 12 months before 
baseline. In an analysis of propensity score-matched 
patients, ARR with alemtuzumab was lower than 
with IFNβ [0.19 (95% CI, 0.14–0.23) versus 0.53 
(0.46–0.61), p < 0.0001] or fingolimod [0.15 
(0.10–0.20) versus 0.34 (0.26–0.41), p < 0.0001], 
and similar to ARR with natalizumab [0.20 (0.14–
0.26) versus 0.19 (0.15–0.23), p = 0.78]. 
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Probabilities of disability accumulation were sim-
ilar among all four therapies.89
In a chart review study in the UK, 100 patients 
with aggressive RRMS and a poor prognosis were 
treated with alemtuzumab since 2000 and fol-
lowed up for a mean of 6.1 years.90 Alemtuzumab 
use was off-label prior to its approval for RRMS 
and, until 2006, the dosage given was higher (24–
30 mg/day) than the currently approved dosage 
(12 mg/day). ARR decreased from 2.1 pretreat-
ment to 0.2 post-treatment; a low ARR was main-
tained up to 8 years. Mean EDSS change from 
the pretreatment level was +0.14, 27% of patients 
experienced CDW, and 25% had CDI. The 
alemtuzumab safety profile in this cohort was 
consistent with the clinical trial experience, with 
the exceptions of five cases of cervical dysplasia 
and three cases of monoclonal gammopathy of 
uncertain significance.
TREAT-MS is an ongoing, open-label, uncon-
trolled, multicenter, prospective, noninterven-
tional study documenting the alemtuzumab 
experience in approximately 3200 RRMS patients 
from 400 sites in Germany.91 In this study, the 
MS software-based documentation system, 
MSDS3D, is used to guide physicians through 
the complex processes of diagnosis and treat-
ment.92,93 Patients complete questionnaires to 
evaluate satisfaction with treatment, cognition, 
state of health, health-related QoL, and ability to 
work. In addition, physicians provide an assess-
ment of patients’ state of health and disease-
related QoL. Safety data are also being collected. 
Preliminary analyses of baseline characteristics of 
the enrolled population showed that TREAT-MS 
patients have more severe MS disease than 
patients in the phase II and III studies, with a 
longer average disease duration, higher EDSS 
score, and more relapse activity. Thus, this cohort 
will provide new insights on alemtuzumab effi-
cacy in more severe MS.
In a real-world, ongoing, observational cohort of 
250 patients who received alemtuzumab at a sin-
gle MS treatment center in the US, interim anal-
ysis showed that during 4–12-month follow up, 
there was a marked absence of clinical worsen-
ing.94 IARs were common but generally mild, 
and no cases of PML were reported. The major-
ity (n = 200) of patients in this cohort had dis-
continued natalizumab before initiating 
alemtuzumab. It is possible that alemtuzumab 
helped attenuate disease re-emergence after 
natalizumab discontinuation, although the lack 
of a control arm precludes this conclusion. 
During the 6 months following natalizumab dis-
continuation and alemtuzumab initiation, none 
of the patients relapsed; EDSS score improved 
in 69/162 (43%) patients and worsened in 2/162 
(1%).94
Outlook
In addition to the aforementioned completed and 
ongoing real-world studies, longer-term data on 
outcomes in patients from the clinical develop-
ment program are being collected. Patients com-
pleting the CARE-MS extension study are being 
followed up for an additional 5 years in the 
TOPAZ study [ClinicalTrials.gov identifier: 
NCT02255656].95 At the conclusion of TOPAZ, 
the CARE-MS cohort will have been followed up 
for a total of 11 years, and patients from 
CAMMS223 for 15 years.
TOPAZ is accompanied by many other phase IV 
studies currently being conducted across Europe 
and the Americas, focusing on areas including 
infusion management (EMERALD), QoL and 
other patient-reported outcomes (LEMQoL, 
PRO-ACT, LemVida, REALITY), safety 
(PASS), and cognition (LemCOG). In addition, 
an exploratory, independent phase IV study has 
been initiated to identify markers for treatment 
response and autoimmune AE risk stratification. 
This analysis of immunologic parameters will 
help to improve patient selection and elucidate 
the mechanism of action of alemtuzumab.96 Thus 
the knowledge base about alemtuzumab treat-
ment of RRMS will continue to grow as data 
emerge on longer-term efficacy and safety (>6 
years), mechanism of action, patient perspectives, 
and other nontraditional endpoints.
Acknowledgements
This article was reviewed by Darren P. Baker, 
PhD, and Jonathan P. Valenzano, PharmD, of 
Sanofi. Editorial support for this manuscript was 
provided by Valerie P. Zediak, PhD, and 
Rosemary Perkins, Envision Scientific Solutions, 
and funded by Sanofi. The authors were respon-
sible for all content and editorial decisions and 
received no honoraria related to the development 
of this publication.
Funding
Editorial support for this manuscript was pro-
vided by Valerie P. Zediak, PhD, and Rosemary 
T Ziemssen and K Thomas
journals.sagepub.com/home/tan 355
Perkins, Envision Scientific Solutions, and funded 
by Sanofi.
Conflict of interest statement
TZ has received consulting or speaking fees from 
Almirall, Bayer, Biogen, Merck, Novartis, Roche, 
Sanofi Genzyme, and Teva, and has received 
grant/research support from Biogen, Novartis, 
Sanofi Genzyme, and Teva. KT has received con-
sulting fees from Biogen, Novartis, and Roche.
References
 1. Cohen JA, Coles AJ, Arnold DL, et al. 
Alemtuzumab versus interferon beta 1a as 
first-line treatment for patients with relapsing-
remitting multiple sclerosis: a randomised 
controlled phase 3 trial. Lancet 2012; 380: 
1819–1828.
 2. Coles AJ, Compston DA, Selmaj KW, et al. 
Alemtuzumab vs. interferon beta-1a in early 
multiple sclerosis. N Engl J Med 2008; 359: 
1786–1801.
 3. Coles AJ, Twyman CL, Arnold DL, et al. 
Alemtuzumab for patients with relapsing multiple 
sclerosis after disease-modifying therapy: a 
randomised controlled phase 3 trial. Lancet 2012; 
380: 1829–1839.
 4. Coles AJ, Boyko AN, Cohen JA, et al. 
Alemtuzumab provides durable improvements  
in clinical outcomes in treatment-naive patients 
with active relapsing-remitting multiple sclerosis 
over 6 years in the absence of continuous 
treatment (CARE-MS I). Mult Scler 2016; 22: 
P213.
 5. Fox EJ, Alroughani R, Brassat D, et al. Efficacy of 
alemtuzumab is durable over 6 years in patients 
with active relapsing-remitting multiple sclerosis 
and an inadequate response to prior therapy in 
the absence of continuous treatment (CARE-MS 
II). Mult Scler 2016; 22: P1150.
 6. Hassoun L, Eisele J, Thomas K, et al. Hands on 
alemtuzumab-experience from clinical practice: 
whom and how to treat. Mult Scler Demyelinating 
Disord 2016; 1: 1–10.
 7. Ziemssen T, Engelmann U, Jahn S, et al. 
Rationale, design, and methods of a 
noninterventional study to establish safety, 
effectiveness, quality of life, cognition, health-
related and work capacity data on alemtuzumab 
in multiple sclerosis patients in Germany 
(TREAT-MS). BMC Neurol 2016; 16: 1–11.
 8. Genzyme Corporation. LEMTRADA 
(alemtuzumab), for intravenous injection. 
Prescribing Information. Cambridge, MA: 
Genzyme Corporation. Available at: http://www.
fda.gov/downloads/drugs/drugsafety/ucm426512.
pdf (2014, accessed 11 February 2016).
 9. Ziemssen T and Thomas K. Treatment 
optimization in multiple sclerosis: How do 
we apply emerging evidence? Expert Rev Clin 
Immunol 2017; 13: 509–511.
 10. Genzyme Therapeutics Ltd. LEMTRADA 
(alemtuzumab) summary of product 
characteristics. Available at: http://www.ema.
europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/003718/
WC500150521.pdf (accessed 10 March 2017).
 11. Fox EJ, Arnold DL, Cohen JA, et al. Durable 
efficacy of alemtuzumab in relapsing-remitting 
multiple sclerosis patients who participated in 
the CARE-MS studies: three year follow-up. 
Neurology 2013; 80: S41.001.
 12. Cohen JA, Khatri B, Barkhof F, et al. 
Long-term (up to 4.5 years) treatment with 
fingolimod in multiple sclerosis: results from the 
extension of the randomised TRANSFORMS 
study. J Neurol Neurosurg Psychiatry 2016; 87: 
468–475.
 13. Kappos L, O’Connor P, Radue EW, et al. Long-
term effects of fingolimod in multiple sclerosis: 
the randomized FREEDOMS extension trial. 
Neurology 2015; 84: 1582–1591.
 14. Fox RJ, Miller DH, Phillips JT, et al. Placebo-
controlled phase 3 study of oral BG-12 or 
glatiramer in multiple sclerosis. N Engl J Med 
2012; 367: 1087–1097.
 15. Gold R, Kappos L, Arnold DL, et al. Placebo-
controlled phase 3 study of oral BG-12 for 
relapsing multiple sclerosis. N Engl J Med 2012; 
367: 1098–1107.
 16. Gold R, Arnold DL, Bar-Or A, et al. Long-term 
effects of delayed-release dimethyl fumarate in 
multiple sclerosis: interim analysis of ENDORSE, 
a randomized extension study. Mult Scler 2016; 
23: 253–265.
 17. Akl EA, Briel M, You JJ, et al. Potential impact 
on estimated treatment effects of information 
lost to follow-up in randomised controlled trials 
(LOST-IT): systematic review. BMJ 2012; 344: 
e2809.
 18. Coles AJ, Habek M, Bass AD, et al. Durable 
efficacy of alemtuzumab over 10 years: long-
term follow-up of patients with RRMS from the 
CAMMS223 Study. Neurology 2016; 78 (Meeting 
Abstracts): P3.053.
 19. Giovannoni G, Cohen JA, Coles AJ, et al. 
Alemtuzumab improves preexisting disability in 
Therapeutic Advances in Neurological Disorders 10(10)
356 journals.sagepub.com/home/tan
active relapsing-remitting MS patients. Neurology 
2016; 87: 1–8.
 20. Lorscheider J, Buzzard K, Jokubaitis V, et al. 
Defining secondary progressive multiple sclerosis. 
Brain 2016; 139: 2395–2405.
 21. Horakova D, Boster A, Ziemssen T, et al. 
Patients who received alemtuzumab in 
CARE-MS I or II show a low rate of conversion 
from relapsing-remitting MS to secondary 
progressive MS through 6 years. Neurology 2017; 
88(Suppl. 16): P4.407.
 22. Arnold DL, Barnett M, Comi G, et al. 
Durable reduction in MRI disease activity with 
alemtuzumab in treatment-naive patients with 
active relapsing-remitting multiple sclerosis: 
6-year follow-up of the CARE-MS I Study. Mult 
Scler 2016; 22: P683.
 23. Traboulsee A, Barnett M, Comi G, et al. 
Alemtuzumab suppresses MRI disease activity 
over 6 years in patients with active relapsing-
remitting multiple sclerosis and an inadequate 
response to prior therapy (CARE-MS II). Mult 
Scler 2016; 22: P1221.
 24. Selmaj KW, Habek M, Bass A, et al. Efficacy and 
safety of alemtuzumab in patients with RRMS 
is durable over 10 years: follow-up from the 
CAMMS223 Study. Mult Scler 2016; 22: P679.
 25. Rotstein DL, Healy BC, Malik MT, et al. 
Evaluation of no evidence of disease activity in 
a 7-year longitudinal multiple sclerosis cohort. 
JAMA Neurol 2015; 72: 152–158.
 26. Wiendl H, Dive D, Dreyer M, et al. 
Alemtuzumab durably suppresses disease activity 
over 6 years in treatment-naive patients with 
active relapsing-remitting multiple sclerosis in the 
absence of continuous treatment (CARE-MS I). 
Mult Scler 2016; 22: P682.
 27. LaGanke C, De Seze J, Freedman MS, et al. 
Durable suppression of disease activity by 
alemtuzumab in the absence of continuous 
treatment over 6 years in patients with active 
relapsing-remitting multiple sclerosis and an 
inadequate response to prior therapy (CARE-MS 
II). Mult Scler 2016; 22: P681.
 28. Schippling S, Ostwald AC, Suppa P, et al. 
Global and regional annual brain volume loss 
rates in physiological aging. J Neurol 2017; 264: 
520–528.
 29. Popescu V, Agosta F, Hulst HE, et al. Brain 
atrophy and lesion load predict long-term 
disability in multiple sclerosis. J Neurol Neurosurg 
Psychiatry 2013; 84: 1082–1091.
 30. Sormani MP, Arnold DL and De Stefano N. 
Treatment effect on brain atrophy correlates with 
treatment effect on disability in multiple sclerosis. 
Ann Neurol 2014; 75: 43–49.
 31. Zivadinov R, Sepcic J, Nasuelli D, et al. A 
longitudinal study of brain atrophy and cognitive 
disturbances in the early phase of relapsing-
remitting multiple sclerosis. J Neurol Neurosurg 
Psychiatry 2001; 70: 773–780.
 32. Traboulsee A, Barnett M, Comi G, et al. 
Alemtuzumab durably slows brain volume 
loss over 6 years in the absence of continuous 
treatment in patients with active RRMS who 
were treatment-naive (CARE-MS I) or had an 
inadequate response to prior therapy (CARE-MS 
II). Mult Scler 2016; 22: P1181.
 33. Ziemssen T. Multiple sclerosis beyond EDSS: 
depression and fatigue. J Neurol Sci 2009; 277: 
S37–S41.
 34. Brooks R. EuroQol: the current state of play. 
Health Policy 1996; 37: 53–72.
 35. Cella DF, Dineen K, Arnason B, et al. Validation 
of the functional assessment of multiple sclerosis 
quality of life instrument. Neurology 1996; 47: 
129–139.
 36. Ware JE Jr and Sherbourne CD. The MOS 
36-item short-form health survey (SF-36). I. 
Conceptual framework and item selection. Med 
Care 1992; 30: 473–483.
 37. Arroyo González R, Kita M, Crayton H, et al. 
Alemtuzumab improves quality-of-life outcomes 
compared with subcutaneous interferon beta-1a 
in patients with active relapsing-remitting 
multiple sclerosis. Mult Scler 2016; DOI: 
10.1177/1352458516677589.
 38. Arroyo González R, Margolin DH, Huang X, 
et al. Improvements in quality of life over 6 years 
in patients with relapsing-remitting multiple 
sclerosis treated with alemtuzumab: results from 
the CARE-MS II Extension Study. Neurology 
2017; 88(Suppl. 16): P5.342.
 39. Hupperts RMM, Vermersch P, Margolin DH, et al. 
Treatment-naive patients with active relapsing-
remitting multiple sclerosis demonstrate improved 
quality of life over 5 years with alemtuzumab 
related to disability improvement: CARE-MS I 
Extension Study. In: 2nd congress of the European 
association of neurology (EAN). Copenhagen, 
Denmark, 28–31 May 2016. P32144.
 40. Mayer L, Fox EJ, LaGanke C, et al. Incidence 
of infusion-associated reactions decreases with 
subsequent courses of alemtuzumab: 5-year data 
from the CARE-MS extension study. In: 30th 
annual meeting of the consortium of multiple sclerosis 
centers. National Harbor, MD, 1–4 June 2016. 
DX44.
T Ziemssen and K Thomas
journals.sagepub.com/home/tan 357
 41. Thomas K, Eisele J, Rodriguez-Leal FA, et al. 
Acute effects of alemtuzumab infusion in patients 
with active relapsing-remitting MS. Neurol 
Neuroimmunol Neuroinlamm 2016; 3: e228.
 42. Wray S, Boyko AN, Braley TJ, et al. 
Administration of alemtuzumab on 
nonconsecutive days does not impact infusion-
associated reactions, efficacy, or lymphocyte 
depletion. Neurology 2015; 84: P7.277.
 43. Jung Henson L, Arnold DL, Cohen JA, et al. 
Incidence of infection decreases over time in 
alemtuzumab-treated patients with relapsing-
remitting multiple sclerosis: 4-year follow-up 
of the CARE-MS studies. Neurology 2015; 84 
(Meeting Abstracts): P7.265.
 44. Clerico M, Barbero P, Contessa G, et al. 
Adherence to interferon-beta treatment and 
results of therapy switching. J Neurol Sci 2007; 
259: 104–108.
 45. Pfeuffer S, Beuker C, Ruck T, et al. Acute 
cholecystitis during treatment with alemtuzumab 
in 3 patients with RRMS. Neurology 2016; 87: 
2380–2381.
 46. Sheikh-Taha M and Corman LC. Pulmonary 
Nocardia beijingensis infection associated with the 
use of alemtuzumab in a patient with multiple 
sclerosis. Mult Scler 2017; 23: 872–874.
 47. Holmøy TH, von der Lippe TH and Leegaard 
TM. Listeria monocytogenes infection associated 
with alemtuzumab–a case for better preventive 
strategies. BMC Neurol 2017; 17: 65.
 48. Rau D, Lang M, Harth A, et al. Listeria 
meningitis complicating alemtuzumab treatment 
in multiple sclerosis—report of two cases. Int J 
Mol Sci 2015; 16: 14669–14676.
 49. Decard BF, Thone J, Haghikia A, et al. Listeria 
rhombencephalitis mimicking a demyelinating 
event in an immunocompetent young patient. 
Mult Scler 2017; 23: 123–125.
 50. Selmaj KW, Habek M, Bass A, et al. Efficacy and 
safety of alemtuzumab in patients with RRMS 
is durable over 10 years: follow-up from the 
CAMMS223 study. Neurology 2017; 88: P5.338.
 51. Tsourdi E, Gruber M, Rauner M, et al. Graves’ 
disease after treatment with alemtuzumab for 
multiple sclerosis. Hormones 2015; 14: 148–153.
 52. Dayan C, Cuker A, LaGanke C, et al. 
Autoimmunity in patients treated with 
alemtuzumab for relapsing-remitting multiple 
sclerosis: 6-year follow-up of the CARE-MS 
Studies. Mult Scler 2016; 22: Presentation 168.
 53. Cuker A, Arnold DL, Cohen JA, et al. Detection 
and management of immune thrombocytopenia 
in alemtuzumab-treated patients in the multiple 
sclerosis clinical development program. Mult Scler 
2015; 21: P590.
 54. Wynn D, Arnold DL, Coles AJ, et al. 
Detection, incidence, and management of 
glomerulonephritis in the alemtuzumab clinical 
development program. Mult Scler 2013; 
11(Suppl.): P597.
 55. Malmeström C, Andersson BA and Lycke J. First 
reported case of diabetes mellitus type 1 as a 
possible secondary autoimmune disease following 
alemtuzumab treatment in MS. J Neurol 2014; 
261: 2016–2018.
 56. Ziemssen T, Selmaj KW, Vermersch P, et al. 
Quality-of-life improvements with alemtuzumab 
are maintained in relapsing-remitting multiple 
sclerosis patients who develop thyroid adverse 
events in CARE-MS II. Eur J Neurol 2015; 22: 
D229.
 57. Singer B, Giovannoni G, Hartung HP, et al. 
Improvements in quality of life are maintained 
in alemtuzumab-treated RRMS patients who 
develop autoimmune adverse events: CARE-MS 
II. Annual Meeting of the Consortium of 
Multiple Sclerosis Centers. Indianapolis, IN, May 
25–27, 2015, DX73.
 58. Hunter SF, Arnold DL, Coles AJ, et al. The 
efficacy of alemtuzumab is maintained in patients 
who develop thyroid adverse events. Neurology 
2015; 84 (Meeting Abstracts): P7.272.
 59. Blauth K, Soltys J, Matschulat A, et al. 
Antibodies produced by clonally expanded 
plasma cells in multiple sclerosis cerebrospinal 
fluid cause demyelination of spinal cord explants. 
Acta Neuropathol 2015; 130: 765–781.
 60. Sospedra M and Martin R. Immunology of 
multiple sclerosis. Annu Rev Immunol 2005; 23: 
683–747.
 61. Liblau RS, González-Dunia D, Wiendl H, et al. 
Neurons as targets for T cells in the nervous 
system. Trends Neurosci 2013; 36: 315–324.
 62. Wu GF and Alvarez E. The 
immunopathophysiology of multiple sclerosis. 
Neurol Clin 2011; 29: 257–278.
 63. Kleinewietfeld M and Hafler DA. Regulatory T 
cells in autoimmune neuroinflammation. Immunol 
Rev 2014; 259: 231–244.
 64. Zozulya AL and Wiendl H. The role of regulatory 
T cells in multiple sclerosis. Nat Clin Pract Neurol 
2008; 4: 384–398.
 65. Nuyts AH, Lee WP, Bashir-Dar R, et al. 
Dendritic cells in multiple sclerosis: key players 
in the immunopathogenesis, key players for new 
Therapeutic Advances in Neurological Disorders 10(10)
358 journals.sagepub.com/home/tan
cellular immunotherapies? Mult Scler 2013; 19: 
995–1002.
 66. Gandhi R, Laroni A and Weiner HL. Role of 
the innate immune system in the pathogenesis of 
multiple sclerosis. Neuroimmunology 2010; 221: 
7–14.
 67. Hu Y, Turner MJ, Shields J, et al. Investigation 
of the mechanism of action of alemtuzumab 
in a human CD52 transgenic mouse model. 
Immunology 2009; 128: 260–270.
 68. Rao SP, Sancho J, Campos-Rivera J, et al. 
Human peripheral blood mononuclear cells 
exhibit heterogeneous CD52 expression levels 
and show differential sensitivity to alemtuzumab 
mediated cytolysis. PLoS One 2012; 7: e39416.
 69. Kovarova I, Arnold DL, Cohen JA, et al. 
Alemtuzumab pharmacokinetics and 
pharmacodynamics in comparison of 
Alemtuzumab and Rebif® Efficacy in Multiple 
Sclerosis I. In: 23rd meeting of the European 
neurological society. Prague, Czech Republic, 9–12 
June 2013, Poster 341.
 70. Durelli L, De Mercanti S, Rolla S, et al. 
Alemtuzumab long-term immunological study: 
the immunosuppressive effect does not last more 
than 48 months. Neurology 2016; 78 (Meeting 
Abstracts): S2.008.
 71. Boyko A, Havrdova E, King J, et al. Lymphocyte 
depletion and repopulation is consistent across 
alemtuzumab treatment courses in patients with 
relapsing-remitting multiple sclerosis: 6-year 
analysis of patients from the CARE-MS Studies. 
Mult Scler 2016; 22: P654.
 72. von Kutzleben S, Pryce G, Giovannoni 
G, et al. Depletion of CD52-positive cells 
inhibits the development of central nervous 
system autoimmune disease, but deletes an 
immunetolerance promoting CD8 T-cell 
population. Implications for secondary 
autoimmunity of alemtuzumab in multiple 
sclerosis. Immunology 2016; 150: 444–455.
 73. Cox AL, Thompson SA, Jones JL, et al. 
Lymphocyte homeostasis following therapeutic 
lymphocyte depletion in multiple sclerosis. Eur J 
Immunol 2005; 35: 3332–3342.
 74. Zhang X, Tao Y, Chopra M, et al. Differential 
reconstitution of T cell subsets following 
immunodepleting treatment with alemtuzumab 
(anti-CD52 monoclonal antibody) in patients 
with relapsing-remitting multiple sclerosis. J 
Immunol 2013; 191: 5867–5874.
 75. Thomas K, Metz I, Tumani H, et al. 6-sulfo 
LacNAc(+) dendritic cells accumulate in various 
inflammatory, but not ischemic conditions of 
the central nervous system. Neuropathol Appl 
Neurobiol 2016; 42: 394–398.
 76. Thomas K, Dietze K, Wehner R, et al. 
Accumulation and therapeutic modulation of 
6-sulfo LacNAc1 dendritic cells in multiple 
sclerosis. Neurol Neuroimmunol Neuroinlammation 
2014; 1: e33.
 77. Goldman L and Ausiello D. Cecil textbook of 
medicine. Philadelphia, PA: Saunders Elsevier, 
2007.
 78. Gross CC, Schulte-Mecklenbeck A, Wiendl H, 
et al. Regulatory functions of natural killer cells in 
multiple sclerosis. Front Immunol 2016; 7: 606.
 79. Gross CC, Ahmetspahic D, Ruck T, et al. 
Alemtuzumab treatment alters circulating 
innate immune cells in multiple sclerosis. Neurol 
Neuroimmunol Neuroinlamm 2016; 3: e289.
 80. Oreja-Guevara C, Alroughani R, Brassat D, 
et al. Durable improvement in clinical outcomes 
in treatment-naive patients with relapsing-
remitting multiple sclerosis who switched from 
SC IFNB-1a to alemtuzumab (CARE-MS I 
extension study 4-year follow-up). Mult Scler 
2016; 22: P1232.
 81. Boyko A, Barnett M, Brassat D, et al. 
Alemtuzumab improves clinical outcomes over 4 
years in patients with relapsing-remitting multiple 
sclerosis who switched from SC IFNB-1a: 
CARE-MS II extension study 4-year follow-up. 
Mult Scler 2016; 22: P680.
 82. Traboulsee A, Pelletier D, Comi G, et al. 
Alemtuzumab reduces the rate of brain volume 
loss in RRMS patients who switched from SC 
IFNB-1a to alemtuzumab (4-year follow-up of 
the CARE-MS I and II Studies). Mult Scler 2016; 
22: P1177.
 83. Willis M, Pearson O, Illes Z, et al. An 
observational study of alemtuzumab following 
fingolimod for multiple sclerosis. Neurology 
Neuroimmunology Neuroinlammation 2017; 4: 
e320.
 84. Malucchi S, Capobianco M, Lo Re M, et al. 
High-risk PML patients switching from 
natalizumab to alemtuzumab: an observational 
study. Neurol Ther 2017; 6: 145–152.
 85. Haghikia A, Dendrou CA, Schneider, et al. 
Severe B-cell-mediated CNS disease secondary 
to alemtuzumab therapy. Lancet Neurol 2017; 16: 
104–106.
 86. Barton J, Hardy TA, Riminton S, et al. 
Tumefactive demyelination following 
treatment for relapsing multiple sclerosis with 
alemtuzumab. Neurology 2017; 88: 1004–1006.
T Ziemssen and K Thomas
journals.sagepub.com/home/tan 359
 87. Ziemssen T, Kern R and Thomas K. Multiple 
sclerosis: clinical profiling and data collection as 
prerequisite for personalized medicine approach. 
BMC Neurol 2016; 16: 1–20.
 88. Ziemssen T, Hillert J and Butzkueven H. The 
importance of collecting structured clinical 
information on multiple sclerosis. BMC Med 
2016; 14: 1–20.
 89. Kalincik T, Brown JWL, Robertson N, et al. 
Treatment effectiveness of alemtuzumab 
compared with natalizumab, fingolimod, and 
interferon beta in relapsing-remitting multiple 
sclerosis: a cohort study. Lancet Neurol 2017; 16: 
271–281.
 90. Willis MD, Harding KE, Pickersgill TP, et al. 
Alemtuzumab for multiple sclerosis: long-term 
follow-up in a multi-centre cohort. Mult Scler 
2016; 22: 1215–1223.
 91. Ziemssen T, Jahn S, Leptich A, et al. Non-
interventional study to establish safety, effectiveness, 
and quality of life in multiple sclerosis patients on 
alemtuzumab in Germany: TREAT-MS Study 
baseline characteristics. In: 89th congress of the 
German society of neurology. Mannheim, Germany, 
21–24 September 2016. IP062.
 92. Kern R, Haase R, Eisele JC, et al. Designing 
an electronic patient management system for 
multiple sclerosis: building a next generation 
multiple sclerosis documentation system. Interact 
J Med Res 2016; 5: e2.
 93. Ziemssen T, Kempcke R, Eulitz M, et al. 
Multiple sclerosis documentation system 
(MSDS): moving from documentation to 
management of MS patients. J Neural Transm 
2013; 120: 61–66.
 94. LaGanke C and Adcock A. Clinical outcomes 
of 200 multiple sclerosis patients switching 
from natalizumab to alemtuzumab in a single 
United States MS center. Neurology 2016; 86: 
P3.117.
 95. Brinar V, Giovannoni G, Havrdova E, et al. A 
phase 3b/4 long-term study of alemtuzumab 
in patients with relapsing-remitting multiple 
sclerosis: TOPAZ study design. Neurology 2015; 
84 (Meeting Abstracts): P7.219.
 96. Ruck T, Afzali AM, Lukat KF, et al. 
ALAIN01—Alemtuzumab in autoimmune 
inflammatory neurodegeneration: mechanisms 
of action and neuroprotective potential. BMC 
Neurol 2016; 16: 34.
Visit SAGE journals online 
journals.sagepub.com/
home/tan
SAGE journals
